The human serotonin transporter gene (hSERT) is a strong candidate for involvement in the pathogenesis of mood disorder and, using a UK Caucasian case-control sample, Collier et al found a significant association between bipolar disorder and the 12 allele of the VNTR polymorphism in intron 2 of this gene. In a European collaborative sample, Collier et al found a significant association between affective disorder and a functional deletion polymorphism in the promoter of hSERT. We have undertaken association studies using these polymorphisms in a British Caucasian sample comprising 171 DSM-IV bipolar probands, 80 DSM-IV major depression probands and 121 unrelated controls matched to bipolar probands for age, sex and ethnicity. We found no association between the promoter deletion and affective disorder but our findings with the VNTR polymorphism are similar to those of Collier and colleagues: we found a significant excess of the 12 repeat allele in bipolar probands (P = 0.031, one-tail) with a suggestion of a gene dosage effect (using genotypes bearing no 12 repeat allele as baseline, the increased risks conferred by genotypes bearing 12 repeat alleles were: heterozygote, OR = 1.24; homozygote, OR = 1.76). Our findings add to the evidence that variation at or near hSERT influences susceptibility to bipolar disorder in the British Caucasian population.
Introduction
q12, 5, 6 and two common polymorphisms have been described: a Variable-Number-Tandem-Repeat (VNTR) Bipolar disorder (manic-depressive illness) has a lifelocated in intron 2 (5-HTT-VNTR) 6 and a time prevalence of 1% and is characterised by fluctudeletion/insertion in the transcriptional control region ations in mood, ranging from extreme elation or mania approximately 1 kb upstream of the transcription to severe depression usually accompanied by disturbinitiation site (5-HTTLPR). 7 The promoter polymorances in thinking and behaviour. Family, twin, and phism has been shown to influence transcription adoption studies provide strong evidence of important activity and 5-HTT function. 8 genetic factors 1 but the mode of inheritance is complex Linkage between the 5-HTT locus and bipolar disand non-mendelian. 2 order has not been found although individual families Several lines of pharmacological, neurobehavioural generated lod scores of around 1. 9 However, three and therapeutic evidence implicate serotonin in the recent association studies suggest that variation at 5-pathogenesis of mood disorders. 3, 4 Evidence that the HTT may influence susceptibility to affective disorder. human serotonin transporter (hSERT; 5HTT) plays a Ogilvie et al 10 provided a preliminary report that, in a role in mood disorder comes from the observation that small Scottish sample, the rare 9 allele of the VNTR is drugs that block the action of SERT are effective as associated with unipolar affective illness. In a larger anti-depressants and can induce mania in susceptible UK sample, Collier and co-workers 11 found a highly individuals. 5 The human serotonin transporter gene statistically significant association between the comhas been cloned and maps to chromosome 17q11. 200 M dATP, dCTP, dTTP and 2 units of Taq polymerase. The promoter region was very GC-rich and diagnosis of major depression were recruited from two sources. All probands were interviewed using the amplification was achieved only when dGTP was replaced by 7-deaza-GTP and 5% DMSO was included SCAN interview, 14 case notes examined and diagnoses made on the basis of all available information.
in the PCR mixture. Samples were applied to 8% nondenaturing gels and run at 200 V for 3 h at RT. Gels were visualised by silver staining as described in (a) Lithium clinic Fifty-four unipolar probands (21 male; mean (s.d.) age 57 (13) years) currently Budowle et al.
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receiving lithium medication were recruited as part of a systematic evaluation of all patients Statistical analysis Departure from Hardy-Weinberg equilibrium was attending a lithium clinic in south Wales. (b) Psychiatric outpatient referrals Twenty-six unitested using a 2 goodness of fit test. Statistical significance of differences between proband and control dispolar probands (6 male; mean (s.d.) age 42 (12) years) were recruited from psychiatric outpatient tributions for alleles and genotypes was assessed using 2 tests and, where appropriate, odds ratios and conficlinics in south Wales as part of a family study of unipolar depression. All these probands were in dence intervals. Linkage disequilibrium and haplotype analyses were performed using a maximum likelihood the age range 18-65 years and had no lifetime occurrence of psychotic features or substance approach as implemented in a computer program written by and available on request from Peter Holmans. abuse.
Controls Unrelated British Caucasian controls, who Results
were not screened to exclude subjects with a history of psychiatric illness, were recruited from the blood The distributions of genotypes and alleles in probands and controls are shown in Tables 1 and 2 . transfusion service in south Wales. Group matching was performed to obtain a control group with similar age and sex distribution to the bipolar proband group 5-HTT-VNTR The control genotype distribution was close to that expected under Hardy-Weinberg equilib-(n = 121; 52 male; mean age 44 years, standard deviation 11 years). rium (P = 0.38) and similar to that found by Collier et al 11 (P = 0.89). Genotyping High molecular weight genomic DNA was extracted (a) Bipolar There is a significant increase in frequency of the 12 allele in probands compared from whole blood or transformed lymphoblasts according to routine procedures. 5-HTT-VNTR was analysed with controls ( 2 = 3.48, 1 d.f., P = 0.031, one-tail; odds ratio, OR = 1.38, 95% confidence interval, according to the method of Ogilvie et al. 10 Briefly, oli- test, one-tail) when compared against the lithium clinic unipolar probands. but there is a suggestion of a dosage effect. Using genotypes that bear no 12 allele as a reference baseline, bearers of 12 alleles show a dose-depen-5-HTTLPR The control genotype distribution was very close to that expected under Hardy-Weinberg dent increased risk of bipolar disorder: for heterozygotes, OR = 1.24 (CI = 0.65-2.37) and for homoequilibrium (P = 0.92) and similar to that found by Collier et al 8 in their UK sample (P = 0.92). zygotes, OR = 1.76 (CI = 0.91-3.41). Consistent with this hypothesis we found an increased frequency of allele 9 of 5-HTT-VNTR in unipolar proHaplotype analyses Maximum likelihood analysis of haplotype distributions in the total sample of controls, bands compared with controls although the effect was present only in the small (n = 26) outpatient sample unipolars and bipolars demonstrated the presence of linkage disequilibrium between alleles at the two polyand the only comparison that reached conventional levels of significance even using a one-tail test was that morphisms with a positive association between allele 12 of 5-HTT-VNTR and the deleted allele of 5-HTTLPR.
genotypes bearing allele 9 were more common in probands than controls. Again, the one-tail test is justified The disequilibrium was highly statistically significant (P = 0.0001) but of only modest effect size (estimated because the hypothesis specifies a direction of effect but the modest level of significance (P = 0.041) must disequilibrium constant, D = 0.055). However, formal comparison of haplotype frequencies between proband be taken into account when evaluating our findings. However, the sample in which Ogilvie et al 10 reported and control groups did not reveal significant evidence for disease-haplotype association. It should be noted the allele 9 association was similar to our outpatient sample, whereas our lithium clinic sample represents that because the effect size of the disequilibrium is small, there is no inconsistency in observing a highly a different part of the treatment response spectrum. Given that many antidepressants act at 5-HTT, it is significant association between the deleted allele at 5-HTTLPR and the 12 allele at 5-HTT-VNTR in the total highly likely that variation at this gene may influence treatment response and that samples ascertained on the sample, a significant association between bipolar disorder and the 12 allele of 5-HTT-VNTR, and a decrease basis of differing response profiles may have differing allele distributions. 16 Unipolar patients attending a in the deleted allele at 5-HTTLPR in bipolars.
lithium clinic are usually less responsive to conventional antidepressants. Thus, the most appropriate test Discussion of the Ogilvie et al 10 findings is provided by our outpatient unipolar sample and given its small size In the current study we have examined the distributions of alleles at two polymorphisms at 5-HTT in (n = 26), our sample can only be expected to generate a modest level of significance in the presence of a true bipolar, unipolar and control samples. We have tested three hypotheses based on previous research reports effect of the magnitude reported by Ogilvie et al. 10 Collier et al 11 found no increase in allele 9 in their sample and found evidence to support two of the hypotheses and evidence contradicting the third. These hypothof 86 UK Caucasian unipolar probands but all these subjects were recruited from lithium clinics. eses are: In support of this hypothesis, we found an increased In contrast to the predictions of this hypothesis we found a decreased frequency of the deleted allele in frequency in the 12 repeat allele of the 5-HTT-VNTR in bipolar subjects compared with controls and our each of our proband groups, with greatest decrease in the lithium clinic unipolar probands (P = 0.010). It data were consistent with a dose-dependent effect of allele 12. However, it should be noted that the effect should be noted that the size of effect reported by Collier et al 8 was relatively modest and very large samples size is modest and smaller than that reported by Collier et al 11 and that our findings only reach conventional are required to provide high power to detect the effect using conventional levels of statistical significance.
16 levels of statistical significance when a one-tailed test is used. The one-tailed test is justified because we were For example, assuming the true effect size is that estimated by Collier et al, 8 a sample of approximately 850 examining an hypothesis with a specified direction of effect but the modest level of significance must be probands and 850 controls is needed for a power of 90% to detect the effect using a one-tailed test and a taken into account when assessing our findings. However, the similarity between our data and those of Colsignificance level of 5%. 17 Thus, our failure to replicate may be the result of inadequate power. However, the lier et al 11 should invite a degree of confidence that this association is a property of the population studied fact that our results show an effect in the opposite direction which itself approaches statistical signifiand not merely the chance result of sampling variation. Combining the datasets provides strong evidence to cance suggests that our failure to replicate may be It should be noted that in any case-control associ- may be present which can lead to type I or type II
